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The present invention relates to guided-wave optical components which are preferably used in the optical 
communication field. An example for such a use is a guided-wave optical switch. More specifically, the present 

5 invention relates to guided-wave optical branching components wherein the wavelength dependence of the 
power coupling ratio is reduced. A guided-wave optical switch using the invention can switch optical signals 
in a wide wavelength region with reduced wavelength dependence. 

For the further development of the optical fiber communications, the development of various optical circuit 
components such as optical branching/combining components, optical multiplexers/demultiplexers, optical 

10 switches, or the like is essential in addition to the fabrication of optical fibers, photodetectors, and light emitting 
devices of high quality and low cost. Above all, optical branching components are the most basic optical com- 
ponent optical branching components having various branching ratios (coupling ratios) such as 50 percent, 
20 percent, or a few percent branching ratio are required. In particular, optical branching components of little 
wavelength dependence in a wide wavelength region are earnestly required. 

15 Optical branching components are also called optical couplers, and are classified into the following three 

types: (1) bulk-type branching components; (2) fiber-type branching components; (3) guided-wave type 
branching components. 

The bulk-type branching components are constructed by arranging microlenses, prisms, interference-film 
filters, etc., and have little wavelength dependence. Although the bulk-type branching components can be put 
20 into practical use to some extent, the components require a long time for assembly and adjustment, and present 
some problems with regard to long-term reliability, cost and size. 

The fiber-type branching components are fabricated, using optical fibers as constituent material, through 
the processes such as grinding and polishing, fusing and elongating. Although this type makes it possible to 
produce branching components of reduced wavelength dependence, the fabrication process requires skill, and 
25 is not suitable for mass production because of lack of reproducibility. 

In contrast, guided-wave type branching components have the advantage that they can be constructed 
on flat substrates in large quantities through the photolithography process, and hence, attract attention as a 
promising type of branching component which can be reproduced and integrated to compact parts. 

Fig. 1 is a plan view exemplifying a configuration of a conventional (2 x 2) guided-wave type branching 
30 component In Fig. 1, two optical waveguides 2 and 3 are formed on a flat substrate 1. A part of the optical 
waveguide 2 and a part of the optical waveguide 3 are. proxi mated to each other to form a directional coupler 
4. The directional coupler 4 is designed in such a way that an optical signal launched into a port 5 is branched 
to ports 6 and 8 to be outputted. Although the power coupling ratio of the directional coupler 4 can be specified 
to a desired value at a particular desired wavelength, the wavelength dependence of the coupling ratio presents 
35 a problem when the branching component is used in a wide wavelength region. 

Fig. 2 shows an example of the wavelength dependence of the coupling ratio of the directional coupler 
type guided-wave branching component in Fig. 1. In Fig. 2, when the coupling ratio is set to 50% at 1.3 ujti 
wavelength, the coupling ratio at 1 .55 urn approximates to 1 00%. This shows that it is impossible for the branch- 
ing component to operate simultaneously at wavelengths of 1.3 urn and 1.55 ^m. 
40 Generally speaking, the power coupling ratio C of a directional coupler is given by the following equation. 

C = sin 2 y (1) 

where \j/ depends on the space between the waveguides at the coupling region of the directional coupler, the 
length of the coupling region, the wavelength, etc. In the example in Fig. 2, y is approximately zero at 1 .0 urn 
wavelength, rc/4 at 1.3 urn, and k/2 at 1.6 nm. As a result, C varies approximately sinusoidally in accordance 
45 with the wavelength. This is the reason why the coupling ratio of 50% cannot be maintained in a wide wave- 
length region in Fig. 2. 

Another configuration of guided-wave branching component is known: a "Y-branching" type. Although the 
wavelength dependence of the coupling ratio (i.e., branching ratio) of the Y- branching type is small, it has a 
basic disadvantage that an optical power loss of more than about 1 dB cannot be avoided at the Y-branching 
so region. In addition, the Y-branching type cannot take the place of all the functions or uses of the directional 
coupler type because the Y-branching type has only three ports whereas the directional coupler type has four 
ports. 

The above is a description of the problems with regard to a conventional (2 x 2) type guided-wave branch- 
ing component. Next, problems concerning a conventional (3 x 3) type guided-wave branching component will 
55 be described. 

Fig. 3 is a plan view exemplifying a configuration of a conventional (3 x 3) type guided-wave branching 
component In Fig. 3, three optical waveguides 10, 11 , and 12 are formed on a flat substrate 9. A part of each 
waveguide is proximated to the others so as to form a directional coupler 13. The directional coupler 13 is de- 
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signed in such a wa^taRTn optical signal launched into a port 15 is equally branched to ports 17, 18 and 19 
to be outputted. Although the power coupling ratio of the directional coupler 13 can be specified to a desired 
value at a particular desired wavelength, the wavelength dependence of the coupling ratio presents a problem 
when the branching component is used over a wide wavelength region. 
5 Fig. 4 shows an example of the wavelength dependence of the coupling ratio of the guided-wave branching 

component shown in Fig. 3. In Fig. 4, when the coupling ratios are set in such a manner that the optical signal 
is equally divided to each output port 17, 18 and 19 at wavelength of 1.3 \im (i.e., coupling ratios l 15 _ l7 = 
Iis-19 = 0.33, l 1{M8 = 0.34), the coupling ratios at 1.55 \irr\ become l 15 _ 17 = l 15 _ 19 = 0.45, l 15 _ 18 = 0.10. Therefore, 
the branching component cannot be used as an equally branching component which operates simultaneously 
10 at the wavelengths of 1 .3 urn and 1 .55 urn. 

Generally speaking, the power coupling ratio C (= l 15 _ 17 = l 15 _ 19 ) of a (3 x 3) directional coupler when the 
optical signal is launched into the center optical waveguide (waveguide 11 in Fig. 3) is given by the following 
equation. 

C = (sin2y)/2 (1') 

where y depends on the space between the optical waveguides at the coupl ing region of the directional coupler, 
the length of the coupling region, the wavelength, etc. Usually, y increases with increasing wavelength. This 
is the reason why the coupling ratio of 33% (C = 33%) cannot be maintained over a wide wavelength region 
in Fig. 4. 

Although the problems with regard to a conventional (3 x 3) optical branching component are described 
above by exemplifying a guided-wave type, the fiber type branching components have similar problems. 

Next, a conventional optical switch will be described. Optical switches are considered to play an important 
role in the near future, because they are necessary to freely switch optical fiber communication lines to meet 
demand, or to establish an alternate route during a communication line failure. 

The configurations of optical switches are divided into two classes: (1) bulk type; and (2) guided-wave type. 
These types have respective problems. The bulk type is arranged by using movable prism, lenses, or the like 
as constituents. The advantage of the bulk type is that the wavelength dependence is small, and the optical 
power loss is low. However, the bulk type is not suitable for mass production because the assembly and ad- 
justing processes are tedious, and in addition, it is expensive. These disadvantages hinder the bulk-type to be 
widely used. 

In contrast, the guided-wave type optical switches can be mass-produced because integrated optical 
switches of this type can be constructed on the basis of waveguides on substrates by using the lithography 
or micro-fabrication technique. The guided-wave type is highly expected as a promising type of optical switch. 

Fig. 5 is a plan view exemplifying a configuration of a conventional guided-wave type optical switch. In 
Fig. 5, each of the two 3-dB optical couplers 21 and 22 formed on a substrate 20 includes two directional cou- 
plers, each of which is formed by two optical waveguides 23 and 24 placed side by side in close proximity. 
The coupling ratio of each 3-dB optical coupler 21 and 22 is specified to 50% (i.e., a half of the complete cou- 
pling length) at the wavelength of the optical signal. The optical-path lengths of the two waveguides 23 and 
24 which connect the two 3-dB couplers 21 and 22 are set to take the same value in the case where phase 
shifters 25 and 26 formed midway between the 3-dB couplers are not in operation. 

In this condition, an optical signal launched into a port 27 is emitted from an output port 30 and not from 
an output port 29. In contrast, the optica! signal is switched to the output port 29 when at least one of the phase 
shifters 25 and 26 is operated so as to produce an optical-path length difference of about 1/2 wavelength (that 
is, an optical phase of 180 degrees or n radian) between the optical waveguides 23 and 24. Thus, the device 
works as an optical switch. This guided-wave type optical switch is also called a Mach-Zehnder interferometer 
type optical switch, and can accomplish a switching function by using rather simple phase shifters. For this 
reason, various waveguides made of different materials including glass waveguide have been employed to con- 
struct the Mach-Zehnder interfereometer-type optical switches. These conventional guided-wave optical 
switches present the following problems: 

Fig. 6 shows a set of characteristic curves representing the wavelength dependence of the coupling ratios 
between the input port 27 and output port 30 of the optical switch which is designed and constructed to be 
used at the wavelength of 1 .3 urn. Curve (a) shows a coupling characteristics when the phase shifters 25 and 
26 are in the OFF state, curve (b) shows a coupling characteristics when one of the two phase shifters 25 and 
26 is in the ON state, and curve (c) shows, as a reference, the wavelength dependence of the coupling ratio 
of respective 3-dB optical couplers which constitute the optical switch. 

When one of the phase shifter 25 or 26 is in the ON state (curve (b)), coupling ratio l^.^ is approximately 
zero (below 5%) in a considerable wide wavelength region of about 1.3 \im ± 0.2 urn Hence, the optical signal 
is transmitted through the path (27->29) with little wavelength dependence in this region. 
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In contrast, wl 
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above 90% is restricted to a narrow region of 1.3 urn ± 0.1 \xm. Outside this region, for example, at the wave- 
length of 1.55 fim, the coupling ratio reaches only about 50%. This means that the switching cannot be ac- 
complished appropriately, and this presents a great problem. 

The great wavelength dependence of the conventional guided-wave optical switch shown in Fig. 5 mainly 
results from the following: the 3-dB optical couplers (the directional couplers) exhibit a great wavelength de- 
pendence as shown by the curve (c) in Fig. 6; when the coupling ratio is specified to 50% at the wavelength 
of 1 .3 u.m as shown by the curve (c), it increases far above 50% with the increase of the wavelength, and hence, 
the 3-dB couplers cannot accomplish their role. 

The optical signals whose wavelengths are 1.3 urn and 1.55 *im are often transmitted simultaneously in 
the optical switches used for switching optical fiber communication lines. Hence, the optical switches having 
a large wavelength dependence present a great problem in a practical use. 

So far, the problem resulting from the large wavelength dependence of the coupling ratio is described with 
regard to conventional optical branching components and optical switches by exemplifying the optical signals 
whose wavelengths are 1.3 um and 1.55 \im which are widely used. In reality, however, the wavelength de- 
pendence at the wavelength of 1.65 jim is also a great problem, because the wavelength of 1.65 urn is used 
as a monitor beam in OTDR (Optical Time Domain Reflectometer) to determine the state of a transmission 
line on the basis of the back-scattered waveform of the monitor beam sent. Thus, not only the optical signals 
of the wavelengths of 1.3 urn and 1.55 |xm are simultaneously transmitted through the optical switches, but 
also the monitor signal of the wavelength of 1.65 urn may be transmitted through the optical switches. 

A guided-wave optical component similar to the one shown in Figure 5 is disclosed in US-3 589 794. This 
component differs from the Mach-Zehnder inteferometer in that the lengths of the optical paths differ from 
each other. This results in an additional phase shift between the light beams in the two waveguides and thus 
modifies the operating range of a phase shifter provided at one of the waveguides. 

This component suffers from the same drawbacks as the one shown in Figure 5. The coupling ratio shows 
an undesired wavelength dependency. 

It is therefore an object of the invention to provide a guided-wave optical component having a small wa- 
velength dependency of the coupling ratio between two waveguides. 

This object is met by the optical component set forth in claim 1. The sub-claims are directed to preferred 
embodiments of the invention. A guided-wave optical switch comprising two optical components according to 
the invention is set forth in claim 9. 

The optical branching component of the present invention greatly differs from a conventional directional- 
coupler-type optical branching component in that it connects two directional couplers in such a way as to pro- 
vide a phase difference of 0 that corresponds to the difference AL of the optical-path lengths, thus decreasing 
the wavelength dependence of the directional couplers. 

The difference between the present invention and a conventional Mach-Zehnder interferometer will now 
be described in detail because the optical branching component of the present invention looks like a Mach- 
Zehnder interferometer itself in appearance. 

In a conventional Mach-Zehnder interferometer, a directional coupler that constitutes the interferometer 
is designed so that the coupling ratio of the coupler takes a value of 50%. It is known also that a Mach-Zehnder 
interferometer including a pair of directional couplers functions as an optical switch in the following conditions: 
two optical waveguides connecting the two directional couplers are designed to have an equal optical-path 
length (i.e., the difference AL thereof is zero); an effective optical path length of one of the two optical wave- 
guides is reciprocally modified by 1/2 wavelength by means of the electro-optical or thermo-optical effect 

Furthermore, it is known that the Mach-Zehnder interferometer, which includes two directional couplers 
whose coupling ratio is 50% at a particular wavelength, and two optical waveguides that connect the two di- 
rectional couplers, each having greatly different length, functions as an optical multiplexer/demultiplexer for 
optical frequency multiplexing (a multiplexer/demultiplexer for high-density wavelength multiplexing). For ex- 
ample, a Mach-Zehnder interferometer, which uses optical waveguides made of silica glass or the like and is 
designed in such a way that the optical-path length difference AL is approximately 1 0mm, can multiplex or de- 
multiplex the two-channel optical signals separated by 10GHz each other (which corresponds to the separation 
of 0.1 nanometer in wavelength). 

So far, design examples of conventional Mach-Zehnder interferometers are described. As described 
above, the conventional Mach-Zehnder interferometers are designed to achieve optical switching functions or 
multiplexing/demultiplexing functions. The conception of the present invention to create the optical branching 
component that can reduce the wavelength dependence in a wide wavelength region is not suggested at ail 
in the conventional technique. To reduce the wavelength dependence of the optical branching component over 
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a wide wavelength^ernSTthe two directional couplers constituting the Mach-Zehnder interferometer of the 
present invention must satisfy particular conditions that the present invention imposes: the conditions with re- 
gard to the effective optical-path length difference and the wavelength dependence of each directional coupler. 
The conventional Mach-Zehnder interferometers cannot be applied without changes. The present invention is 
5 based on entirely new conception and experiments that Mach-Zehnder interferometer arrangements, the ap- 
plication of which has been conventionally restricted to the field of optical switches or optical multiplexers/de- 
multiplexers, can be applied to optical branching components, and that the optical components can operate 
in a desired wide wavelength region, achieving the above objectives. 

Fig. 7 is a plan view showing a basic configuration of a guided-wave optical branching component of the 
10 present invention. In Fig. 7, optical waveguides 32 and 33 are placed on a flat substrate 31. Two directional 
couplers 34 and 35 are constructed by placing the optical waveguides 32 and 33 side by side in close proximity 
at two positions. One end of the optical waveguide 32 is an input port 36 into which an optical signal Pin is 
launched, and the other end of the optical waveguide 32 is a main-output port 38 from which a main optical 
signal Pmain is emitted. Similarly, one end of the optical waveguide 33 is an input port 37, and the other end 
15 of the optical waveguide 33 is a sub-output port 39 from which a sub-optical signal Psub is emitted. 

The optical-path lengths of the optical waveguides 32 and 33 between the two directional couplers 34 and 
35 are different from each other by a small quantity AL The optical-path length difference AL of this Mach- 
Zehnder interferometer produces a phase difference 9 between the two directional couplers 34 and 35, and 
the phase difference G is given by 
20 9 = 2k • n • AL/X (2) 

where n = refractive index of the optical waveguides; and X = wavelength. The power coupling ratio of the 
entire Mach-Zehnder-interferometer-type branching component is given by the following equation. 

Cmz = sin 2 (2\|/) . (1 + cos9)/2 (3) 
where y is the variable in the equation (1) that defines the coupling ratio C (= sin 2 \y) of each directional coupler. 
25 The present invention, as seen from the equation (3), is based on the principle that the wavelength de- 
pendence of the sin 2 (2\|/) term is canceled by the wavelength dependence of the (1 + cos9)/2 term, i.e., by the 
wavelength dependence of the phase difference 9 in the equation (2). To achieve a desired coupling ratio of 
little wavelength dependence in a specified wavelength region by canceling the wavelength dependence of 
the sin 2 ^) term by that of the (1 + cos9)/2 term, it is necessary to determine the wavelength dependence of 
30 the coupling ratio C of each of the directional couplers 34 and 35, and to appropriately determine the difference 
AL by considering the equation (3). 

A design principle to produce the optical branching component of the present invention which has lower 
wavelength dependence of the coupling ratio in the wavelength region of X^ to X z is as follows: first, each di- 
rectional coupler is designed in such a way that the coupling ratio monotonically increases in the wavelength 
35 region; second, the value (n • AL) between the two directional couplers, i.e., the difference of the effective opt- 
ical-path lengths between the two couplers are preferably specified to the value Xq which is slightly shorter 
than the shortest wavelength X, in the range. In such a condition, at the wavelength of X = Xq, 9 in the equation 
(2) takes a value 2it, and so the value of the (1 + cos9)/2 term becomes the maximum value 1 . Thus, the coupling 
ratio of the overall optical branching component is equal to that of the two directional couplers connected to- 
40 gether. When the wavelength X exceeds the X 1f the (1 + cos9)/2 term declines, which functions to inhibit the 
increasing inclination of the sin 2 (2y) term. How far the inhibiting influence can be extended towards the longer 
wavelength region, so as to extend the longest wavelength X 2 in the wavelength region, depends upon the de- 
sign details of each directional coupler. 

So far, the basic configuration of the (2 x 2) optical branching component of the present invention is de- 
45 scribed. It is clear that this description holds in the case of a (3 x 3) optical branching component. 

The invention can be used in guided-wave optical switches which have lower wavelength dependence in 
a desired wavelength region. 

For this purpose, an optical switch is arranged as follows: first, two 3-dB optical couplers that constitute 
the optical switch are arranged in the form of the Mach-Zehnder interferometer; second, the optical-path length 
so difference of the Mach-Zehnder interferometer is set slightly shorter than the shortest wavelength (approxi- 
mately 1 \\jm) in the wavelength region. More specifically, each 3-dB optical coupler has two directional cou- 
plers connected by two optical waveguides which are provided with the optical-path length difference of ap- 
proximately 1 ^m; and two 3-dB optical couplers thus constructed are connected through two waveguides pro- 
vided with phase shifters. Thus, the whole optical switch is constructed. 
55 More specifically, the guided-wave optical switch has two optical waveguides, a primary and a secondary 

3-dB optical coupling member formed by a guided-wave optical component of claim 1, and an optical phase 
shifter, each of the primary and secondary 3-dB optical coupling members coupling the two optical waveguides 
at different positions, the optical phase shifter being placed on the optical waveguides between the primary 
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and secondary 3-dWpTfial coupling members so as to fine adjust the optical-path length of the optical wa- 
veguides; wherein each of the primary and secondary 3-dB optical coupling members has two directional cou- 
plers each of which is composed by proximating the two optical waveguides at different positions; wherein 
the effective optical-path length of one of the optical waveguides differs from that of the other optical wave- 
5 guide between the two directional couplers, the difference of the effective optical-path length being determined 
less than the shortest wavelength in the predetermined operational wavelength region, and the coupling ratio 
of each of the two directional couplers being determined to monotonically increase according to the wavelength 
in the operational wavelength region; and wherein the optical waveguide having longer optical-path length in 
the primary 3-dB optical coupling member, and the optical waveguide having longer optical-path length in the 
10 secondary 3-dB optical coupling member are different optical waveguides. 

In addition, the two optical waveguides are placed on a substrate, or composed of optical fibers. 

Furthermore, the coupling ratios of the two directional couplers are set different each other. 

It is preferable that the operation wavelength region include a region of 1.3 um to 1.65 urn, the optical- 
path length difference in the 3-dB optical coupler be determined to be approximately 1 um, and the wavelength 
15 dependence of the coupling ratio of the 3-dB optical coupler be reduced in the wavelength region of 1 .3 um to 
1.65 um. 

The optical waveguides are made of glass optical waveguides, and the optical phase shifters are com- 
posed of thermo-optical effect phase shifters made of thin film heater deposited on the glass optical wave- 
guides. 

20 This optical switch can accomplish switching in a wide wavelength region by improving the large wave- 
length dependence of the 3-dB optical couplers in the conventional Mach-Zehnder optical switch. More spe- 
cifically, the optical switch utilizes the wide wavelength optical branching components described above as the 
3-dB optical couplers which achieves a 50% branch ing in a wide wavelength range, thus performing a switching 
in a wide wavelength region. The construction and operation of the optical switch will be described below. 

25 Assuming that the lengths of coupling regions of the directional couplers constituting the 3-dB optical cou- 

pler (Mach-Zehnder interferometer circuit) are L1 and L2, and the optical-path length difference of the wave- 
guides connecting the directional couplers is AL. If AL = 0.0 um, the characteristics of the coupling ratio of the 
3-dB optical coupler is the same as those of a directional coupler whose coupling region length is (L1 + L2), 
and the coupling ratio monotonically increases from 0% to 1 00% as the wavelength X increases, as depicted 

30 by the curve (c) in Fig. 6. This will present no improvement. 

In contrast, the present optical switch has the optical-path length difference AL of approximately 1 um be- 
tween the two optical couplers in each 3-dB directional coupler which operates in a manner similar to the optical 
branching component described above. The operation of the optical switch is as follows: 

When the wavelength X is approximately Xq, the optical-path length difference is equal to the wavelength 

35 of the optical signal. Hence, the overall coupling ratio of the (Mach-Zehnder interferometer type)^3-dB optical 
coupler is equal to that of the directional coupler whose coupling region length is equal to (L1 + L2). This is 
based upon the principle of the optical interference that the optical-path length difference of the Mach-Zehnder 
interferometer, which is equal to the wavelength multiplied by an integer, cannot be distinguished from the opt- 
ical-path length difference of zero. 

40 As the wavelength of the optical signal exceeds Xq and reaches 1 .3 um or 1 .55 um, the optical-path length 
difference gradually separates from the wavelength multiplied by an integer (here, x 1), and takes a value of 
wavelength multiplied by a fraction. In such a condition, a significant phase difference, i.e., a phase difference 
other than the 2n multiplied by an integer, appears between the two directional couplers constituting the 3-dB 
optical couplers in the form of Mach-Zehnder interferometer. Because of this phase shift, the equivalent cou- 

45 pling length of the overall 3-dB optical coupler diverges from the simple sum total of L1 and L2, and declines 
gradually. In this case, the coupling ratio of the 3-dB optical coupler can be maintained at approximately 50% 
in a desired wavelength region, for example, in the region of 1 .3 - 1 .65 um, as long as the optical-path length 
difference AL and the coupling lengths L1 and L2 of the respective directional couplers are appropriately spe- 
cified so that the increase of the coupling ratio of the simple directional coupler (whose coupling length is (L1 

so + L2)), which results from the increase in the wavelength, can be inhibited by the reduction of the equivalent 
coupling length resulting from the phase shift. Thus, the optical switch constructed by combining Mach- 
Zehnder interferometer type 3-dB optical couplers makes it possible for several optical signals of different wa- 
velengths in a desired wavelength region to be operated simultaneously. 

Fig. 1 is a plan view showing a configuration of a conventional guided-wave optical branching component; 

55 Fig. 2 is a graph showing the wavelength dependence of the coupling ratio of the conventional, guided- 

wave optical branching component; 

Fig. 3 is a plan view showing a configuration of a conventional guided-wave (3 x 3) optical branching com- 
ponent; 
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Fig. 4 is a gra^Kfflwing the wavelength dependence of the coupling ratio of the conventional guided- 
wave (3 x 3) optical branching component; 

Fig. 5 is a plan view showing a configuration of a conventional guided-wave optical switch; 
Fig. 6 is a graph showing the wavelength dependence of the conventional guided-wave optical switch; 
Fig. 7 is a plan view showing the basic configuration of a guided-wave optical branching component of the 
present invention; 

Fig. 8A is a plan view showing a configuration of the guided-wave optical branching component according 

to the first embodiment of the present invention; 

Fig. 8B is a cross-sectional view taken along the line A-A' in Fig. 8A; 

Fig. 8C is a cross-sectional view taken along the line B-B' in Fig. 8A; 

Fig. 8D is a cross-sectional view taken along the line C-C in Fig. 8A; 

Fig. 9 is a graph showing the wavelength dependence of the coupling ratio of the guided-wave optical 
branching component of the first embodiment; 

Fig. 10 is a graph illustrating the importance of the appropriate setting of the effective optical-path length 
difference (n • AL) in the first embodiment; 

Fig. 11 is a plan view showing a configuration of the guided-wave optical branching component according 
to the second embodiment of the present invention; 

Fig. 12 is a graph showing the wavelength dependence of the coupling ratio of the guided-wave optical 
branching component of the second embodiment; 

Fig. 13 is a graph showing the wavelength dependence of the coupling ratio of the guided-wave optical 

branching component according to the third embodiment of the present invention; 

Fig. 14 is a graph showing the wavelength dependence of the coupling ratio of the guided-wave optical 

branching component according to the fourth embodiment of the present invention; 

Fig. 15 is a graph showing the wavelength dependence of the coupling ratio of the guided-wave optical 

branching component according to the fifth embodiment of the present invention; 

Fig. 16 is a graph illustrating the importance of the appropriate setting of the effective optical-path length 

difference (n • AL) in the fifth embodiment; 

Fig. 17 is a plan view showing a configuration of a guided-wave optical branching component according 
to the sixth embodiment of the present invention; 

Fig. 18 is a graph showing the wavelength dependence of the coupling ratio of the guided-wave optical 
branching component according to the sixth embodiment of the present invention; 
Fig. 19 is a plan view showing a conf iguration of a 4-branching component according to the seventh em- 
bodiment of the present invention; 

Fig. 20 is a plan view showing a configuration of a guided-wave optical branching component array ac- 
cording to the eighth embodiment of the present invention; 

Fig. 21A is a plan view showing a configuration of a guided-wave optical branching component (variable 
coupling ratio type component) according to the ninth embodiment of the present invention; 
Fig. 21 B is a cross-sectional view taken along the line .A-A' in Fig. 21 A; 

Figs. 22Aand 22B are graphs each showing the wavelength dependence of the coupling ratio of the guided- 
wave optical branching component according to the ninth embodiment of the present invention; 
Figs. 23Aand 23B are views each showing a configuration of a guided-wave optical branching component 
(extension to fiber type component) according to the tenth embodiment of the present invention; 
Fig..24A is a plan view showing a configuration of the guided-wave (3 x 3) optical branching component 
according to the eleventh embodiment of the present invention; 
Fig. 24B is a cross-sectional view taken along the line A-A' in Fig. 24A; 
Fig. 24C is a cross-sectional view taken along the line B-B' in Fig. 24A; 
Fig. 24D is a cross-sectional view taken along the line C-C in Fig. 24A; 

Fig. 25 is a graph showing the wavelength dependence of the coupling ratio of the guided-wave optical 
branching component of the eleventh embodiment; 

Fig. 26 is a graph showing the wavelength dependence of the coupling ratio of the guided-wave (3 x 3) 
optical branching component according to the twelfth embodiment of the present invention; 
Fig. 27 is a graph showing the wavelength dependence of the coupling ratio of the guided-wave (3 x 3) 
optical branching component according to the thirteenth embodiment of the present invention; 
Fig. 28A is a plan view showing a configuration of the guided-wave optical switch according to the four- 
teenth embodiment of the present invention; 

Fig. 28B is a cross-sectional view taken along the line A-A' in Fig. 28A; 
Fig. 28C is a cross-sectional view taken along the line B-B' in Fig. 28A; 
Fig. 28D is a cross-sectional view taken along the line C-C in Fig. 28A; 
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Fig. 29A is a gf^Wsnowing the wavelength dependence of the coupling ratio of the guided-wave 3-dB 
optical couplers constituting the optical switch according to the fourteenth embodiment of the present in- 
vention; 

Fig. 29B is a view illustrating the 3-dB optical coupler; 
5 Fig. 30 is a graph showing the wavelength dependence of the coupling ratio of the optical switch according 

to the fourteenth embodiment of the present invention; 

Fig. 31 A is a graph showing the wavelength dependence of the coupling ratio of the guided-wave 3-dB 
optical couplers constituting the optical switch according to the fifteenth embodiment of the present in- 
vention; 

w Fig. 31 B is a view illustrating the 3-dB optical coupler; 

Fig. 32 is a graph showing the wavelength dependence of the coupling ratio of the optical switch according 
to the fifteenth embodiment of the present invention; and 

Figs. 33A- 33D are views to consider a possible configuration of each variation of the optical switches of 
the present invention. 

15 The invention will now be described with reference to the accompanying drawings. Embodiments 1-10 
below are examples of guided-wave (2 x 2) optical branching components, embodiments 1 1 - 1 3 are examples 
of guided-wave (3 x 3) optical branching components, and embodiments 14 and 15 are examples of guided- 
wave optical switches. 

Hereinafter, embodiments of the present invention are described, which use silica-based single-mode wa- 
20 veguides formed on a silicon substrate as optical waveguides. The silica-based single-mode waveguides are 
well connected to single-mode optical fibers, providing practical guided-wave optical branching components. 
The waveguides of the present invention, however, are not restricted to the silica-based optical waveguides. 

EMBODIMENT 1 

25 

Figs. 8A ~ 8D are a plan view, enlarged cross-sectional views along section lines A-A', B-B\ and C-C, 
respectively, of a guided-wave optical branching component according to the first embodiment of the present 
invention. The branching component is designed so that the coupling ratio thereof is 50% ± 10% in a wavelength 
region of 1 .25 um (= X,) to 1 .6 urn (= X^- 
30 Asubstrate 40 is a silicon substrate, and optical waveguides 41 and 42 are silica-based optical waveguides 
formed on the silicon substrate 40 using a silica-based glass material. The optical waveguides 41 and 42 are 
proximated to each other at two positions on the substrate, thus forming directional couplers 43 and 44. 

The optical waveguides 41 and 42 are composed of Si0 2 -Ti0 2 -based glass cores each of which has a cross 
section of about 8 uxn x 8 ^im, and is embedded in a cladding layer 45 of about 50 urn thick made of Si0 2 - 
35 based glass. The Mach-Zehnder interferometer circuit is constructed by combining linear patterns and arc pat- 
terns whose radius of curvature is 50 mm. The silica-based optical waveguides 41 and 42 can be formed by 
means of the known combination of the glass-film deposition technique and the micro-fabrication technique: 
the glass-film deposition technique uses flame-hydrolysis reaction of a silicon tetrachloride and a titanium tet- 
rachloride; the micro-fabrication technique uses reactive-ion etching. 
40 At each coupling region of directional couplers 43 and 44, the two optical waveguides are separated by 4 

lim, and are placed in parallel over a 0.3 mm length. 

The input ports 46 and 47 are separated by 0.250 mm, and the output ports 48 and 49 are also separated 
by 0.250 mm. The waveguide lengths of the respective optical waveguides 41 and 42 between the two direc- 
tional couplers 43 and 44 are L and L + AL, and the effective optical-path length difference (n • AL) is set to 
45 1 .1 5 urn. Here, AL assumes a valve of 0.79 ^m, because the refractive index n of the silica-based optical wa- 
veguide is approximately 1.45. AL can be accurately set at the photolithographic mask pattern step by using 
a slight difference in the lengths of curved waveguide and straight waveguide between the two directional cou- 
plers 43 and 44 in Fig. 8A. 

Fig. 9 is a graph illustrating the wavelength dependence of the coupling ratio of the optical branching corn- 
so ponent of the embodiment: curve (a) shows the coupling ratio characteristics of each directional coupler 43 or 
44 which constitutes the branching component; curve (b) shows the coupling ratio characteristics of the Mach- 
Zehnder interferometer type optical branching component according to the present invention in which n • AL 
= 1.15 fim; curve (c) shows the coupling ratio characteristics when n • AL = 0.0 ^im, i.e., when C MZ = sin 2 (2\ff) 
is satisfied in the equation (3). 
55 in curves (a) and (c), the coupling ratio monotonically increases with the increase of the wavelength. In 

curve (b), on the other hand, the coupling ratio moderately varies with a peak at approximately 1 .4 urn, and is 
maintained at 50% ± 10% in a wavelength region of X, = 1 .25 ujti to Xa = 1 .6 ^im. This is because the monotonic 
increase of the coupling ratio of the optical branching component of the embodiment (see curve (c)) is limited 
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by the effect of appTViareiy set value (n • AL). In other words, the value Cmz in the equation (3) is restricted 
by the (1 + cos8)/2 term, the value 0 of which is determined by (n • AL) in the equation (2). If Xo = n - AL, 0 = 
2n * XqIX is obtained from the equation (2). Consequently, when the wavelength X is equal to Xo (= n ■ AL), e = 
2n is satisfied, and hence = sin 2 (2y) is obtained from the equation (3). 
5 As a result, curves (b) and (c) agree each other at this point (at X = Xq = 1 .1 5 \xm) in Fig. 9. When X increases 

over Xq, the (1 + cos0)/2 term begins to decrease from 1 , and functions so as to limit the increase of the sin 2 (2\|/) 
term. This suggests that it is preferable that Xo (= 1 .1 5 *im) be set slightly shorter than the shortest wavelength 
X-, (= 1.25 urn) in the wavelength region. 

Thus, according to the embodiment, the optical-path length difference corresponding to the phase differ- 
to ence 0 = 2nX^X is provided to the two directional couplers, the coupling ratios of which monotonically increase 
to 1 00%, and thus provides the overall system including the two directional couplers with asymmetry produced 
by (n • AL). This in turn inhibits the coupling ratio of the optical branching component from reaching 100%, 
and thus, the maximum coupling ratio occurs in about the middle of the desired wavelength region of X^ to X2. 
Incidentally, the coupling ratio of the directional coupler itself (curve (a)) must be determined to monoton- 
15 ically increase so as to monotonically increase the coupling ratio of the optical branching component (curve 
(c)). " 

Fig. 10 is a graph illustrating the importance of the appropriate setting of the effective optical-path length 
difference (n • AL) in the embodiment. In Fig. 10, the maximum values and the minimum values Cmm, 

of the coupling ratio obtained by theoretical calculations are plotted as the functions of the effective optical- 
20 path length differences in the wavelength region of 1 .2 \xxr\ to 1.6 urn. From Fig. 10, it is well understood that 
the wavelength dependence of the coupling ratio can be reduced in the above mentioned wavelength region 
only when the effective optical- wavelength difference is around 1.15 p.m at which Cmz^ and approach- 
es a desired coupling ratio of 50%. When the effective optical-path length difference exceeds about 1.5 |xm, 
CMZmin approaches zero in general, and the difference from the Cmz^ increases. Thus, the optical interfer- 
25 ometer exhibits wavelength characteristics similar to an optical filter that separates light of different wave- 
lengths. This is not appropriate for the purpose of the present invention. On the other hand, when the effective 
optical-path length difference is close to zero, the wavelength dependence of the directional coupler itself 
which constitutes the optical interferometer is large, which is also inappropriate. Thus, a high degree of accu- 
racy better than a submicron order is required in setting (n ■ AL) and AL. This, however, can be easily accom- 
30 plished by the current photolithography. 

The optical branching component of the embodiment is compact, the sizes being 25 mm long and 2.5 mm 
wide, and 40 components can be constructed simultaneously on a 3-inch Si wafer substrate. 

The optical power loss of the optical branching component of the embodiment is very low, approximately 
0.2 dB. The total power loss of the optical branching component including the connection loss between the 
35 component and the single mode optical fibers connected to the input and output ports is approximately 0.5 
dB,* which is sufficiently low for practical use. This is an outstanding feature of the branching component in 
contrast with a conventional Y-type branching component, the power loss of which including the fiber-connec- 
tion losses is no less than 1.5 dB. This is because the optical branching component of the present invention 
does not include a unique point such as Y-branching point, and hence the component is constructed by only 
40 smooth patterns similar to those of a directional coupler. 



EMBODIMENT 2 



Fig. 11 is a plan view of the optical branching component of the second embodiment of the present inven- 
45 tion, the coupling ratio of which is 20% ± 5% in a wavelength region from X^ = 1.25 to X2 = 1.75 urn. The 
configuration of the optical branching component is substantially similar to that of the first embodiment in Fig. 
8A. The former is different from the latter in that input ports 46 and 47, and output ports 48 and 49 are located 
symmetrically with regard to the horizontal middle line of the component (although it is possible to position these 
ports in a manner similar to those in Fig. 8A). The coupling regions of directional couplers 43 and 44 have 
so weaker coupling than those of the first embodiment: the separation between the two waveguides is 4 urn, and 
the length of the coupling region (interaction length) is 0.1 mm. The value of (n • AL) is set to 1 .15 u.m as in the 
first embodiment. The length of the component of the second embodiment is 20 mm. 

In Fig. 1 2, curve (b) shows the wavelength dependence of the coupling ratio of the optical branching com- 
ponent of the second embodiment. Forthe convenience of comparison, wavelength characteristics of the single 
55 directional coupler is shown by curve (a), and the wavelength characteristics of the two directional couplers 
connected together (i.e., n - AL= 0.0 ujn) is depicted by curve (c). In the curves (a) and (c), the coupling ratios 
increase with the increase of wavelength. In contrast, in the curve (b), the wavelength region in which the cou- 
pling ratio is maintained within 20% ± 5% extends from 1.25 *im to 1.75 u.m with a peak at approximately 1.50 
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EMBODIMENT 3 

5 Curve (b) in Fig. 13 shows the wavelength dependence of the coupling ratio of the optical branching com- 

ponent according to the third embodiment of the present invention: the coupling ratio thereof is designed and 
fabricated to be maintained within 4% ± 1% in the wavelength region of X n = 1.25 tun to k 2 = 1.65 ^m. For the 
convenience of comparison, the wavelength dependence of the single directional coupler is shown by curve 
(a), and the wavelength dependence of the two directional couplers directly connected together (n • AL = 0.0 

10 nm) is shown by curve (c). Although the configuration of the embodiment is substantially similar to that of the 
second embodiment, the separation between the two waveguides in the coupling region of each directional 
coupler is widened to 5 jim so as to achieve weaker coupling than that of the second embodiment. The value 
of (n • AL) is set to 1 .05 jim. 

In the preceding embodiments, the structural parameters of the coupling region of the directional couplers 

15 are described. These parameters can be appropriately modified considering various peculiarities of the fabri- 
cation processes because a directional coupler is very sensitive to the structure. The essential point is that 
each directional coupler constituting the Mach-Zehnder interferometer should be designed and fabricated to 
exhibit the wavelength characteristics similar to those depicted by the curves (a) in Figs. 9, 12 and 13. 

It should be noted that although in the embodiments above the optical waveguides 42 are made longer 

20 than the optical waveguides 41 by AL between the two directional couplers, the opposite setting is also pos- 
sible: the optical waveguides 41 can be made longer than the optical waveguides 42 by AL. These achieve 
the same branching characteristics. 

In the preceding embodiments, the coupling ratio of each directional coupler constituting the branching 
component, which monotonically increases in a desired wavelength regjon including the region of 1.3 ^im to 

25 1.55 ^im, is decreased by means of n • AL (= Xq) which is set around 1.1 urn. This is because the directional 
coupler that satisfies the above conditions is easy to design and fabricate. The present invention, however, is 
not limited to the examples above. The essential thing is that the wavelength dependencies of the first and 
second terms of the equation (3) must be canceled in a desired wavelength region. Hence, it should be noted 
that other conditions are possible. 

30 Although the above wavelength region including the region of 1.3 \im to 1 .55 \irr\ is most important in the 

optical fiber communication field, optical branching components used in the optical sensor application field 
can be designed and fabricated so as to work in the wavelength region including the visible range. 

In the preceding embodiments, the two directional couplers 43 and 44 have the same coupling ratio char- 
acteristics. The present invention, however, is not restricted to this: the coupling ratios of the two directional 

35 couplers are not necessarily the same; they may be different. In this case, the power coupling ratio Cmz of the 
overall optical interferometer type branching component is given by the following equation. 

Cmz = sin 2 (y1 + y2) • (1 + cos0)/2 
+ sin2( v 1 - ¥ 2) * (1 - cos6)/2 (4) 
where y1 and y2 are parameters that represent the coupling characteristics of the two directional couplers: 

40 the coupling ratios of the two directional couplers are specified by sin 2 \j/1 and sin 2 y2, respectively. 

The first term of the equation (4) is similar to the equation (3), the wavelength dependence of which can 
be reduced by using the principle described above. In the equation (4), further adjustment of the wavelength 
dependence is possible by utilizing the second term thereof when y1 is not equal to \|/2. Next embodiment is 
an example when \j/1 is not equal to y2. 

45 

EMBODIMENT 4 

Fig. 14 is a characteristic graph showing the wavelength dependence of the coupling ratio of the optical 
branching component which uses, as the directional couplers 43 and 44 shown in Figs. 7 and 1 1 , two directional 

50 couplers the characteristics of which are different each other. In Fig. 14, curve (a) shows coupling character- 
istics of a first directional coupler 43, and curve (b) shows coupling characteristics of a second directional cou- 
pler 44 whose coupling intensity is twice as great as that of the directional coupler 43. Curve (c) shows the 
coupling characteristics of the overall Mach-Zehnder optical branching component when the value (n • AL) be- 
tween the directional couplers 43 and 44 is set to 1 \im. Curve (d) shows the coupling characteristics of the 

55 overall Mach-Zehnder optical branching component when the value (n * AL) between the directional couplers 
43 and 44 is set to 0.0 urn. The curve (c) shows that the optical branching component of the embodiment main- 
tains the coupling ratio of little wavelength dependence of 50% ± 5% in the wide wavelength region of 1.2 urn 
to 1.7 jim. 
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Incidentally, elPBngrhg the characteristics of the two directional couplers 43 and 44 can produce the opt- 
ical branching component of the same coupling characteristics. 





EMBODIMENT 5 

5 

Fig. 15 is a characteristic graph showing the wavelength dependence of the coupling ratio of the optical 
branching component which uses, as directional couplers 43 and 44 shown in Figs. 7 and 11 , two directional 
couplers the characteristics of which are different each other. The optical branching component has approxi- 
mately 20% coupling ratio in a wide wavelength region. In Fig. 15, curve (a) shows coupling characteristics of 
10 a first directional coupler 43, and curve (b) shows coupling characteristics of a second directional coupler 44 
whose coupling intensity is twice as great as that of the first directional coupler 43. Curve (c) shows the overall 
coupling characteristics of the entire Mach-Zehnder optical branching component when the effective optical- 
path length difference (n • AL) between the directional couplers 43 and 44 is specified to 0.9 \vm. The curve 
(c) shows that the optical branching component of the embodiment maintains the coupling ratio of little wave- 
rs length dependence within 20% ± 2% in a wide wavelength region of 1.2 pm to 1.7 urn. Incidentally, curve (d) 
shows the coupling characteristics when (n • AL) is deliberately specified to 0 urn. The coupling ratio depicted 
by the curve (d) has a great wavelength dependence. 

Fig. 16 is a graph illustrating the importance of the appropriate setting of the effective optical-path length 
difference (n • AL) in the embodiment. In Fig. 16, the maximum values CMz max and the minimum values 
20 of the coupling ratio obtained by theoretical calculations are plotted as the functions of the effective optical- 
path length differences in the wavelength region of 1.2 urn to 1.6 urn. From Fig. 16, it is well understood that 
the wavelength dependence of the coupling ratio can be reduced in the above wavelength region only when 
the effective optical wavelength difference is around 0.9 \im at which both and approach a de- 

sired coupling ratio of 20%. 

25 The better flat coupling characteristics can be obtained when the coupling characteristics of the two di- 
rectional couplers 43 and 44 are different than when the coupling characteristics are the same. This is under- 
stood by comparing the first embodiment (Fig. 9) and the fourth embodiment (Fig. 14), or the second embodi- 
ment (Fig. 12) and the fifth embodiment (Fig. 15). 

The preceding embodiments deal with optical branching components in which two directional couplers are 

30 connected together through two optical waveguides the lengths of which are different by AL. The conception 
of the present invention, however, can be extended to an optical branching component in which N directional 
couplers are connected in a serial fashion by optical waveguides, and the optical wavelength differences ALi 

(i = 1. 2 N-1) are provided between respective adjacent directional couplers. The next embodiment is an 

example when N = 3. 

35 

EMBODIMENT 6 

Fig. 1 7 is a plan view showing the configuration of the 50% coupling optical branching component accord- 
ing to the sixth embodiment of the present invention, in which N = 3 directional couplers are used, and Fig. 18 
40 is a graph showing the coupling characteristics of the branching component. In Fig. 17, two optical waveguides 
41 and 42 are proximated at three positions so as to constitute three directional couplers 50, 51, and 52. In 
this embodiment, each of the three directional couplers has the same characteristic as that of the directional 
couplers 43 and 44 of the first embodiment. Between the directional couplers 50 and 51 , the effective optical- 
path length of the optical waveguide 42 is specified longer than that of the waveguide 41 by n • AL = 0.88 jim, 
45 whereas between the directional couplers 51 and 52, the effective optical-path length of the optical waveguide 
41 is set longer than that of optical waveguide 42 by 0.88 ^m. It is found in Fig. 18 that the optical branching 
component has the coupling ratio of 50% ± 10% in the wavelength region of 1.2 ^im to 1.65 ^m. In particular, 
a flat coupling characteristics of 50% ± 5% can be obtained in the wavelength region of 1 .25 ^m to 1 .6 \vm. 
The number N of directional couplers can be increased. Moreover, three directional couplers whose char- 
so acteristics are different can be used to constitute the optical branching component. 

Although all the preceding embodiments deal with 2-branching components, the present invention can also 
be applied to multi-branching components. Next is an embodiment of a 4-branching component. 

EMBODIMENT 7 

55 

Fig. 19 is a plan view showing a configuration of the 4-branching component according to the seventh em- 
bodiment of the present invention. In Fig. 19, three 2-branching components 53, 54, and 55 are formed on a 
substrate 40. Each 2-branching component is a 50% coupling optical branching component like those of the 
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fourth embodimeriW^I^ 14. One input port 56 and four output ports 57, 58, 59 and 60 are provided. The 
optical signal launched into the input port 56 is divided into two equal parts by the optical branching component 
53, is further divided by the optical branching components 54 and 55, and then outputted from the output ports 
57, 58, 59 and 60. This configuration can provide a 4-branching component of little wavelength dependence: 
5 the variation of the coupling ratio with regard to each output port in the wavelength region of 1.25 urn to 1.6 
nm is low, 25% ± 5%. Incidentally, the size of the substrate 40 is approximately 50mm x 5mm, and the sepa- 
ration between the adjacent output ports is 250 u.m so as to match the pitch of an optical fiber array. 

EMBODIMENT 8 ' 

10 

Fig. 20 is a plan view showing a configuration of a guided- wave optical branching component array that 
can operate in a wide wavelength region. Each of the four 50%-coupling branching components 61, 62, 63, 
and 64 has a construction similar to those of the fourth embodiment, and these components 61 - 64 are de- 
posited in a parallel fashion. An input port array 65 and an output port array 66, an input fiber array 67 and an 
15 output fiber array 68, and input fiber array terminals 69 and output fiber array terminals 70 are provided. The 
fiber array pitch in the array terminals 69 and 70, arid waveguide pitch of the input and output port array 65 
and 66 are specified to 250 \xm. The substrate 40 of the embodiment is small, the sizes being 25mm x 5mm, 
taking the advantage of guided-wave type optical components that a number of the components can be formed 
on a single substrate. 

20 In the embodiments described above, the optical branching components are formed using silica-based 

(SiOa-TiOJ optical waveguides. However, the substrates are not restricted to silicon substrates: substrates of 
silica glass can also be used. Furthermore, SiO r Ge02-based optical waveguides, which use Ge0 2 as the main 
dopant of the core, can also be used. Moreover, the present invention can be applied not only to silica-based 
optical waveguides but also to waveguides of other materials such as multi-component glass system or lithium 

25 niobate system. 

Furthermore, although in the preceding embodiments, (n • AL) is specified as the difference of lengths of 
the two optical waveguides connecting the two directional couplers, other methods can be taken: for example, 
the effective optical-path length difference can be provided by slightly changing the refractive indices of the 
two waveguides while maintaining the lengths of the two optical waveguides identical. More specifically, a thin 

30 film heater provided on the optical waveguide between the directional couplers can change the refractive index 
of the optical waveguide by means of the thermo-optical effect, and thereby can adjust the effective optical- 
path length difference, thus achieving a desired optical branching component. In addition, the wavelength de- 
pendence of the coupling ratio can be switched so as to change the wavelength dependence between the large 
and small values thereof. This can be carried out by turning on and off the thin film heater provided on either 

35 the longer or shorter waveguide to alter the effective optical-path length initially set to AL 

An example of the optical branching component having a variable coupling ratio will be described in the 
following embodiment 



EMBODIMENT 9 

40 

Figs. 21 A and 21 B show the ninth embodiment of the present invention. This embodiment differs from the 
second embodiment shown in Fig. 11 in that two thin film heaters 71 and 72 are provided on cladding layer' 
45 formed on the two optical waveguides 41 and 42 connecting the two directional couplers 43 and 44. The 
thin film heaters 71 and 72 are made of chromium (Cr) thin film which is 0.5 u.m thick, 20 urn wide, and 2.5 

45 mm long. When an electric current is not supplied to the thin film heaters 71 and 72, the optical coupling com- 
ponent of this embodiment operates as a 20% coupling component whose wavelength dependence is reduced 
like the coupling component of the second embodiment In contrast, when an electric current is supplied to 
the thin film heater 71 formed on the optical waveguide 41 having the shorter optical-path length between the 
two directional couplers, the temperature of the portion of optical waveguide 41 just under the heater is ele- 

50 vated, and the effective refractive index in that portion slightly increases. Thus, the increase in the effective 
optical-path length of the optical waveguide 41 by the thermo-optical effect, decreases the effective optical- 
path length difference from the initial difference of 0.9 u.m before current supply, which in turn changes overall 
the coupling ratio of the entire optical coupling component. 

Fig. 22A is a graph in which wavelength dependencies of the coupling ratios of the optical branching com- 

55 ponent of the embodiment are plotted using electric powers supplied to the thin film heater 71 as parameters 
(0 W, 0.1 W, 0.3 W, 0.5 W, 0.7 W, and 0.9 W). When the applied power is 0 W, the 20% coupling ratio is obtained 
in the wide wavelength region of 1.2 ^im to 1.7 urn just as in the optical branching component of the second 
embodiment. When the power is 0.1 W, the coupling ratio decreases to approximately 10%. When the power 
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is 0.3 W to 0.9 W, t^wavelength dependence of the coupling ratio gradually increases, and the coupling ratio 
reaches near 100% at approximately 1.65 um. The effective optical-path length difference between the two 
directional couplers 43 and 44 is considered, by comparison with theoretical calculations, to be decreased to 
nearly zero when the power is 0.9 W. 

5 Fig. 22B, in contrast to Fig. 22A, is a graph showing wavelength dependencies of the coupling ratios when 

the thin film heater 72 provided on the optical waveguide 42 is supplied with an electric current. The wavelength 
dependencies are plotted using electric powers supplied to the thin film heater 72 as parameters (0 W, 0.1 W, 
0.2 W, 0.3 W, 0.4 W, and 0.6 W). With the increase of the power, the coupling ratio increases from the initial 
value of 20% to about 40%, and the wavelength dependence gradually increases. The effective optical-path 

10 length difference between the two directional couplers 43 and 44 is considered, by comparison with theoretical 
calculations, to be increased to approximately 1.5 um when the power is 0.6W. 

The optical branching component of the embodiment with the thin film heaters, as is dearly seen from 
the experimental results shown in Figs. 22Aand 22B, can operate as a tunable coupling component, the cou- 
pling characteristics of which can be adjusted in a small or large scale by regulating the currents supplied to 

15 the thin film heaters. 

In the preceding embodiments, ail the optical branching components are constructed using optical wave- 
guides formed on planar substrates as basic elements. The present invention, however, is not limited to the 
optical branching component utilizing the planar optical waveguides. The following embodiment uses optical 
fibers as optical waveguides. 

20 

EMBODIMENT 10 



Figs. 23A and 23B illustrate configurations of optical branching components of the tenth embodiment of 
the present invention, which are made of fibers and operate in a wide wavelength region. These branching 

25 components are basically composed of two single-mode optical fibers 73 and 74. The two single-mode optical 
fibers 73 and 74 are fused and elongated at two portions, thus forming two directional couplers 75 and 76. 
The lengths of the two optical fibers 73 and 74 connecting the directional couplers 75 and 76 are slightly dif- 
ferent: the effective optical-path length of the optical fiber 74 is slightly longer than that of the optical fiber 73 
by approximately 1 ^m, which characterizes the present invention. The effective optical-path length difference 

30 part 77 is achieved by slightly curving the optical fiber 74 in Fig. 23A, and by curving the two optical fibers 
between the directional couplers in Fig. 23B. Since the optical-path lengths are relative quantity, optical fiber 
73 may be curved instead of fiber 74 in Fig. 23A. 

In Figs. 23A and 23B, the optical fibers 73 and 74 play a role of directional couplers 43 and 44 in the first 
embodiment, and constitute an optical interferometer with input ports 78, 79 and output ports 80 and 81 . These 

35 configurations can function as optical branching components, the wavelength dependence of which can be 
reduced. In this case, it should be noted that the lengths of optical fibers between the directional couplers 75 
and 76 must be specified as short as possible. The stable operation of the optical branching component with 
the reduced wavelength dependence cannot be achieved when the lengths of the optical fibers between the 
directional couplers 75 and 76 exceed 1 cm, or when the entire optical interferometer including the directional 

40 couplers 75 and 76 are not firmly fixed in a single package. It is not desirable that individually packaged two 
fiber type directional couplers be connected via two fibers of several tens of centimeters so as to construct 
the optical branching component of the embodiment. In such a configuration, the stable operation of the optical 
branching component cannot be achieved because of the unexpected fluctuation of the minute effective opt- 
ical-path length difference due to the swing of the optical fibers between the two directional couplers or due 

45 to the temperature change. 

Heretofore, the embodiments of the guide-wave type (2 x 2) optical branching components are described. 
Next, guided-wave type (3 x 3) optical branching components will be described in embodiments 11 to 13. 



EMBODIMENT 11 

Figs. 24A ~~ 24D are views showing a configuration of the guided-wave (3 x 3) optical branching compo- 
nent, the coupling ratio Ci of which is designed to be 33% ± 5% in the wavelength region of = 1.2 pm to X 2 
= 1.6 um: Fig. 24A is a plan view thereof; Figs. 24B, 24C, and 24D are enlarged cross-sectional views taken 
along the lines A-A', B-B', and C-C in Fig. 24A, respectively. 

A substrate 40 is a silicon substrate, and optical waveguides 82, 83 and 84 are silica-based optical wa- 
veguides formed on the silicon substrate 40 using silica-based glass materials. The optical waveguides 82, 
83 and 84 are placed side by side in close proximity at two positions on the substrate, thus forming directional 
couplers 85 and 86. 
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The optical wav^iaBs 82, 83 and 84 are composed of SiO r Ti0 2 - based glass cores each of which has 
a cross section of about 8 um x 8 um, and is embedded in a cladding layer 45 of about 50um thick made of 
SiOj-based glass. The 3-waveguide type Mach-Zehnder interferometer circuit is constructed by combining lin- 
ear patterns and arc patterns whose radius of curvature is 50 mm. The silica-based optical waveguides 82, 

5 83 and 84 can be formed by means of the known combination of the glass-film deposition technique and the 
micro-fabrication technique: the glass-film deposition technique uses flame-hydrolysis reaction of silicon tet- 
rachloride and titanium tetrachloride; the micro-fabrication technique uses reactive-ion etching. 

At each coupling region of directional couplers 85 and 86, the three optical waveguides 82, 83, and 84 are 
separated by 4 um, and are placed in parallel over a 1.2 mm length. 

10 The input ports 87, 88 and 89 are separated by 0.250 mm, and the output ports 90, 91 and 92 are also 

separated by 0.250 mm. The waveguide lengths of the respective optica] waveguides 82, 83 and 84 between 
the two directional couplers 85 and 86 are: L with regard to the optical waveguide 83; and L + AL with regard 
to the optical waveguides 82 and 84. The effective optical-path length difference (n ■ AL) is set to 1.15 urn. 
Here, AL assumes a value of 0.79 urn, because the refractive index n of the silica-based optical waveguides 

15 is approximately 1.45. AL can be accurately set at the photolithographic mask pattern step by using a slight 
difference in the lengths of curved waveguide and straight waveguide between the two directional couplers 
85 and 86 in Fig. 24A. 

The optical-path lengths of the optical waveguides 82 and 84, and that of the optical waveguide 83 between 
the two directional couplers 85 and 86 are different from each other by a small quantity AL. The optical-path 
20 length difference ALof the 3-pencil type Mach-Zehnder interferometer produces a phase difference 0 between 
the two directional couplers 85 and 86, and the phase difference 9 is given by 

9 = 2n • n • AUX (5) 

where n = refractive index of the optical waveguides; and X = wavelength. The power coupling ratio Ci of the 
overall 3-pencil type Mach-Zehnder-interferometer in Fig. 24A can be expressed as 
25 Ci = P sub /(P majn + 2P 8Ub ) (6) 

and is given by 

Ci = 2cos 2 (9/2) . sin 2 \|/ • [1 - cos 2 (0/2) • sin 2 y] (7) 
where y is the variable that defines the coupling ratio of a single (3 x 3) directional coupler 85 or 86. 
For reference, when 9 = 0, i.e., AL = 0, the equation (7) is transformed into 

30 CiO = [sin 2 (2\|/)]/2 (7') 

The present invention pays particular attention to the fact that the coupling terms sin 2 \|/ which specifies 
the wavelength dependence of the directional coupler appears in the equation (7) in the form multiplied by the 
phase term cos 2 (9/2). In other words, the present invention is based on the principle that the wavelength de- 
pendence of the sin 2 v term in the equation (7) can be canceled by the wavelength dependence of the phase 

35 difference 0 in the equation (5). To achieve a desired coupling ratio of little wavelength dependence in a desired 
wavelength region by canceling the wavelength dependence of the sin 2 y term by that of the cos 2 (9/2) term, it 
is necessary to appropriately determine the wavelength dependence of the coupling ratio C of a single direc- 
tional coupler 85 or 86, and to properly specify the difference (n • AL) by considering the equation (7). 

Fig. 25 is a graph illustrating the wavelength dependence of the coupling ratio Ci of the optical branching 

40 component of the embodiment: curve (a) shows the coupling ratio characteristics of a single directional coupler 
85 or 86 which constitutes the branching component; curve (b) shows the overall coupling ratio characteristics 
of the Mach-Zehnder interferometer type optical branching component according to the embodiment of the 
present invention in which n • AL = 1.15 um; curve (c) shows the coupling ratio characteristics when n • AL = 
0.0 ujti, which corresponds to the coupling ratio CiO in the equation (7'). 

45 In curves (a) and (c), the coupling ratio monotonically increases in the wavelength region of 1 .3 ujti to 1 .55 

um with the increase of wavelength. In curve (b), on the other hand, the coupling ratio moderately varies with 
a peak at approximately 1 .4 um, and is maintained within 33% ± 5% in the wavelength region of 1 .2 urn to 1 .6 
um. This is because the monotonic increase of the coupling ratio of the optical branching component of the 
embodiment (see curve (c)) is limited by the effect of appropriately set value (n • AL). In other words, the in- 

50 crease of sin 2 \j/ term is restricted by the cos 2 (9/2) term in the equation (7), the value 9 of which is determined 
by (n • AL) in the equation (5). In this case, if Xq = n . AL, 9 = 2n is obtained when wavelength X is equal to A*. 
Consequently, when the wavelength X is equal to Xq (= n • AL), the equation (7) is reduced to the equation (7'), 
and curves (b) and,(c) agree/each at this point in Fig. 25. 

When X increases over Xq, and even over X u the cos 2 (9/2) term begins to decrease from 1 , and functions 

55 so as to cancel the increase of the sinty term. 

As described above, in the embodiment, the optical-path length difference corresponding to the phase 
difference 9 = 2kX<JX is provided to the two directional couplers, the coupling ratio C of which would monoton- 
ically increase to 50% if the difference did not exist, and thus provides the overall system including the two 
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directional couplei^Krasymmetry produced by (n • AL). This in turn prevents the coupling ratio Ci of the 
optical branching component from reaching 50%, and hence, the maximum coupling ratio occurs in about the 
middle of the desired wavelength region of A., to 7^. 

In the present invention, the effective optical-path length difference (n • AL) or AL must be set accurately: 
if n - AL deviates from the appropriate value of 1 .1 5 jim to 1 .4 urn, for example, the desired moderate variation 
of the wavelength dependence cannot be obtained. Thus, a high degree of accuracy, better than a submicron, 
is required in setting (n • AL) and AL. This, however, can be easily accomplished by the current photolithography, 
as mentioned above. 

The (3 x 3) optical branching component of the embodiment is compact, the sizes being 25 mm long and 
2.5 mm wide, and about 40 components can be simultaneously constructed on a 3-inch Si wafer substrate. 

The optical power loss of the optical branching component of the embodiment is very low, approximately 
0.2 dB. The total power loss of the optical branching component including the connection loss between the 
component and the single mode optical fibers connected to the input and output ports is approximately 0.5 
dB, which is sufficiently low for practical use. 

In the embodiment, the coupling ratios of the two directional couplers 85 and 86 are specified identical 
for the convenience of understanding. The present invention, however, is not restricted to this. Different cou- 
pling characteristics of the two directional coupler are better to reduce the wavelength dependence of the (3 
x 3) optical branching component. This will be described in the following embodiment 




EMBODIMENT 12 



Fig. 26 is a graph showing the wavelength dependence of the coupling ratio of the (3 x 3) optical branching 
component wherein two directional couplers 85 and 86 have different coupling characteristics. In Fig. 26, curve 
(a) shows the coupling ratio characteristics of the directional coupler 85, and curve (b) shows the coupling ratio 
characteristics of the other directional coupler 86, the coupling length of which is three times longer than that 
of the directional coupler 85. Curve (c) shows the overall coupling ratio characteristics of the 3-waveguide in- 
terferometer type (3 x 3) optical branching component wherein the effective optical-path length differences 
of optical waveguides 82 and 83, and of optical waveguides 84 and 83 are specified to (n • AL) = 1.06 urn. 

The basic structures of the directional couplers 85 and 86 are as follows: * 

directional coupler 85 

separation between the waveguides 4 |im 

coupling length 0.6 ram 
directional coupler 8 6 

separation between the waveguides 4 \lm 

coupling length 1.8 mm 



The optical branching component of the embodiment, the coupling characteristics of which is shown by 
the curve (c) in Fig. 26, has lower wavelength dependence, that is, has flatter coupling characteristics in a 
wider wavelength region than the optical branching component whose coupling characteristics are shown by 
the curve (b) in Fig. 25.. 

In the case where the two directional couplers 85 and 86 have different coupling characteristics, the equa- 
tion expressing the overall coupling ratio of the optical branching component of the embodiment becomes more 
complicated than the equation (7). Hence, it is preferable that the roots of the coupling equation that can reduce 
the wavelength dependence in a particular wavelength region be obtained by numerical calculation using a 
computer. This, however, does not affect the fact that the appropriate setting of the effective optical-path length 
difference (n • AL) can reduce the wavelength dependencies which the directional couplers 85 and 86 originally 
possess. 

Incidentally, the exchange in position of the two directional couplers 85 and 86 can achieve the optical 
branching component of the same coupling characteristics. 

EMBODIMENT 13 

Fig. 27 shows the characteristics of the thirteenth embodiment of the present invention: it is a graph show- 
ing the wavelength dependence of the coupling ratio of the (3 x 3) optical branching component, the coupling 
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ratio of which is nWPEfflSd at approximately 10% in a wide wavelength region of 1.1 to 1.8 jim. 

In this embodiment, the two directional couplers 85 and 86 have different coupling characteristics as in 
embodiment 12. The basic structures of the directional couplers 85 and 86 are as follows: 

directional coupler 85 

separation between the waveguides- 4 urn 

coupling length 0.6 mm 

directional coupler 8 6 

separation between the waveguides 4 |im 

coupling length 1.0 mm 

effective optical-path length 
difference (n • AL) 1 . 0 \im 



The structural parameters of the coupling region of the directional couplers described above can be ap- 
propriately modified considering various peculiarities of the fabrication processes because a directional cou- 

20 pier is very sensitive to the structure. 

In the preceding embodiments 11 to 13, the coupling characteristics are obtained when the optical signal 
is launched into the input port 88, which is an end of the center waveguide 83 of the three waveguides 82, 83 
and 84. This is because such a form of use is most general. The optical branching component of the present 
invention, however, can reduce the wavelength dependence even if the optical signal is launched into other 

25 input port 87 or 89. In this case, however, great intensity difference usually appears between the optical output 
intensity from the output ports 90 and 91. 

Moreover, in the above embodiments 11 to 13, the effective optical-path lengths of the waveguides 82 
and 84 are longer than that of the waveguide 83 by (n • AL) between the two directional couplers. As the va- 
riation thereof, the effective optical-path lengths of the waveguides 82 and 84 are set longer than that of the 

30 waveguide 83 by (n • AL) and 2(n • AL), respectively. This can also achieve a (3 x 3) optical branching component 
wherein the wavelength dependence is reduced. In this case, it is obvious that the optical signal launched into 
the center input port 88 is not equally divided to output ports 90 and 92 because of lack of symmetry. 

In the preceding embodiments 11 to 13, the optical waveguides 82 and 84 in the coupling region of the 
directional couplers 85 and 86 are symmetrical with regard to the central waveguide 83. However, the sym- 

35 metry can be abandoned: for example, the separation between the optical waveguides 82 and 83 is set wider 
than the separation between the optical waveguides 83 and 84, and hence, the optical output power from the 
output port 90 becomes less than that from the output port 92 when the optical signal is launched into the input 
port 88 of the central waveguide 83. In this case also, the wavelength dependence of the coupling character- 
istics is reduced by providing (n • AL). 

40 Incidentally, the optical branching components of the present invention have a basic (3 x 3) structure in 
which 3 input ports and 3 output ports are provided. This, however, can be modified in various ways: for ex- 
ample, (1 x 3) coupler can be achieved by omitting two input ports out of three. 

In the preceding embodiments described, the optical branching components are formed using silica-based 
(Si0 2 -Ti02) optical waveguides on the silicon substrates. However, the substrates are not restricted to silicon 

45 substrates: substrates of silica glass can also be used. Furthermore, Si0 2 -GeC>2-based optical waveguides, 
which use Ge0 2 as the main dopant of the core, can also be used. Moreover, the present invention can be 
applied not only to silica-based optical waveguides but also to waveguides of other materials such as multi- 
component glass system of lithium niobate system. 

Furthermore, although in the preceding embodiments, (n • AL) is specified as the difference of lengths of 

so the two optical waveguides connecting the two directional couplers, other arrangements are also possible: for 
example, the effective optical-path length difference can be provided by slightly changing the refractive indices 
of the two waveguides while maintaining the lengths of the two optical waveguides identical. More specifically, 
a thin film heater provided on the optical waveguide between the directional couplers can change the refractive 
index of the optical waveguide by means of the thermo-optical effect, and thereby can adjust the effective opt- 

55 ical-path length difference, thus achieving a desired optical branching component In addition, the wavelength 
dependence of the coupling ratio can be switched so as to change the wavelength dependence between the 
large and small values thereof. This can be carried out by turning on and off the thin film heater provided on 
either the longer or shorter waveguide to alter the effective optical-path length initially set to AL. 
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The above was^^ufscription of the guided-wave optical components according to the embodiments 1 
~ 13. The following is the description of guided-wave optical switches of the present invention. 

EMBODIMENT 14 

5 

Fig. 28A is a plan view showing a configuration of the guided-wave optical switch according to the four- 
teenth embodiment of the present invention, which is designed to function simultaneously at the wavelengths 
of 1.3 urn and 1.55 urn; Figs. 28B, 28C, and 28D are enlarged cross-sectional views taken along the lines A- 
A', B-B', and C-C in Fig. 28A, respectively. 

10 On a silicon substrate 1 00, are formed two 3-dB optical couplers 101 and 102, and two silica-based single- 

mode optical waveguides 103 and 104. On the optical waveguides 103 and 104, thermo-optical effect phase 
shifters 105 and 106 are provided. In addition, input ports 107 and 108, and output ports 109 and 110 are pro- 
vided. This embodiment differs from the conventional device shown in Fig. 5 in that each 3-dB optical coupler 
101 (or 102) has the configuration of Mach-Zehnder optical interferometer including two directional couplers 

15 101a and 101b (or 102a and 102b). In each Mach-Zehnder interferometer forming the 3-dB optical coupler 101 
(or 102), an effective optical-path length difference of Xq is provided between optical waveguides 103a and 
104a (or 103b and 104b). In this case, the optical waveguides 104a and 103b having longer optical-path length 
in the respective 3-dB optical couplers 101 and 102 are placed in the opposite position with regard to the center 
line between the two waveguides 103 and 104. 

20 The optical waveguides 103 and 104, as shown in Figs. 28B, 28C and 28D, have cores each of which has 

a cross section of about 8 um x 8 um, and are embedded in a cladding layer 111 of about 50 um thick placed 
on substrate 100. The directional couplers 101a, 101 b, 102a, and 102b are formed by placing two optical wa- 
veguides 104a (104) and 103a (103), or 104b (104) and 103b (103) in close proximity of a few micrometers 
over hundreds of micrometers long, as shown in Fig. 28B. In Fig. 28C which is taken along the line B-B' in Fig. 

25 28A, the optical waveguide 104a (104) is made longer than the optical waveguide 103a (103) to provide the 
optical-path length difference of Xo between the directional couplers 101a and 101b in such a way that the 
optical waveguide 104a is moderately curved between the directional couplers 101a and 101b; on the other 
hand, the optical waveguide 103b (103) is made longer than the optical waveguide 104b (104) to provide the 
optical-path length difference of Xq between the directional couplers 102a and 102b in such a way that the 

30 optical waveguide 103b is gently curved between the directional couplers 102a and 102b. 

The optical-path lengths of the respective optical waveguides 103 and 104 between the 3-dB optical cou- 
plers 101 and 102 are formed equal with an accuracy better than 0.1 um. In addition, on the cladding layer 
111, two thin film heaters (of chromium film, for example), each of which is 50 um wide and approximately 5 
mm long, are formed as thermo-optical effect phase shifters 105 and 106, as shown in Fig. 28D. 

35 The radius of curvature of the arc patterns of the optical waveguides of this embodiment is specified to 
50 mm. The optical switch is 40 mm x 2.5 mm in size, and is fabricated by means of the known combination 
of the glass-film deposition technique using flame-hydrolysis reaction and the micro-fabrication technique us- 
ing reactive-ion etching. 

In the present invention, it is essential to form the optical-path length difference X$ between the two di- 
40 rectional couplers constituting each 3-dB optical couplers 101 and 102 with a high degree of accuracy. It has 
been found by fabrication-experiments and computer-simulations that the error of Xo should be inhibited within 
± 0.1 um. This can be easily achieved by the current photolithography. 

The construction and coupling characteristics of the 3-dB optical couplers 101 and 102 will be explained 
in detail before describing the overall characteristics of the optical switch of the embodiment The 3-dB optical 
45 couplers described below are fundamentally similar to the optical branching component described in the first 
embodiment. 

Fig. 29A is a graph showing the coupling ratios versus wavelengths of the Mach-Zehnder interferometer 
type' 3-dB optical couplers 101 and 102 constituting the optical switch of the present invention. The coupling 
characteristics are obtained by measuring a test sample 3-dB optical coupler 101 shown in Fig. 29B, which is 
50 individually fabricated on a silicon substrate by forming directional couplers 1 0.1a and 101 b together with the 
optical waveguides 104a and 103a in the same manner as the directional couplers 101 and 102 in Fig. 28A. 

Curve (a) in Fig. 29A shows the wavelength dependence of the coupling ratio of the directional coupler 
101a or 101 b itself, the coupling region of which is constructed in such a way that the optical waveguides are 
separated by 4 um, and the effective lengths of the optical waveguides in the coupling regions are L1 = L2 = 
55 0.3 mm. The directional couplers in this embodiment are made identical to each other. 

Curve (b) shows the wavelength dependence of the coupling ratio of the optical coupler 1 01 in its entirety 
when the optical-path length difference Xq between the directional couplers 101a and 101 b is set to 1.15 um. 
It must be noted that considering the refractive index of the silica-based optical waveguides 103a and 104a 
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is approximately m^rre apparent optical-path length difference corresponding to Xo = 1.15 urn is 0.79 urn 
(= 1.15 um/ 1.45). 

Curve (c) shows the wavelength dependence of the overall coupling ratio of the two serially connected 
directional couplers 101a and 101b when Xo is deliberately set to 0.0 um. The coupling characteristics in this 
5 case corresponds to a directional coupler whose coupling length is (L1 + L2). 

The curve (b) shows that the coupling ratio of the entire optical coupler 101 is maintained within a range 
of about 50% ± 10% in a wavelength region of 1.22 of 1.60 um when the optical-path length difference is ap- 
propriately determined (i.e., when Xo = 1 .15 um). This fact makes a sharp contrast with the fact that the coupling 
ratio of 50% ± 10% of the conventional optical switch is limited to a narrow range of 1.24 um to 1:37 urn, as 
w shown by the curve (c) in Fig. 6 depicting the optical coupling characteristics of the conventional optical switch. 

Fig. 30 is a graph showing the wavelength dependence of the coupling ratio of the optical switch in Fig. 
28A according to the fourteenth embodiment of the present invention; the optical coupler the characteristics 
of which are shown by the curve (b) in Fig. 29A is used as the 3-dB optical couplers 101 and 102. 

The most important point in constructing the optical switch is the following: whereas in the 3-dB optical 
15 coupler 101, the optical waveguide 104a is longer than the optical waveguide 103a by Xo = 1.15 um, in the 3- 
dB optical coupler 1 02, the optical waveguide 1 03b is longer than the optical waveguide 104b by Xo = 1 .1 5 urn 
(This will be described in more detail later). 

Curve (a) in Fig. 30 shows the wavelength dependence of the optical coupling ratio (107 to 110) when the 
optical switch is in the OFF state, that is, when the phase shifters 105 and 106 are in the OFF state. In the 
20 conventional optical switch, the wavelength region in which the coupling ratio is maintained above 90% is re- 
stricted to 1 .20 um to 1 .40 um. In contrast, in Fig. 30, the wavelength region in which the coupling ratio is above 
90% is wide, from 1.20 to 1.61 um, including not only 1.3 um but also 1.55 um. 

Curve (b) in Fig. 30 shows the wavelength dependence of the coupling ratio (107 to 110) when one of the 
phase shifters (thin film heaters) is in the ON state: the optical-path length change corresponding to 0.71 urn 
25 long is produced in one of the optical waveguides by means of a change in refractive index due to the thermo- 
optical effect (the power consumption of the thin film heater is about 0.5 W). The wavelength region in which 
the coupling ratio is below 5% is 1.24 to 1.70 um. In this state, the optical signal is transmitted through the 
path 107 to 109. In short, the optical switch of the present invention can function as an optical switch, the cou- 
pling ratio of which is either above 90% or below 5% at the wavelengths of 1.3 um and 1.55 um simultaneously. 
30 Thus, the optical switch of the present invention solves the disadvantage of the conventional optical switches. 

The coupling ratio (1 07 to 11 0) shown by the curve (b) in Fig. 30 is about 2% at the wavelength of 1 .3 um. 
The coupling ratio, however, can be further reduced so that the optical signal of nearly 1 00% can be transmitted 
through the path (107 to 109). To accomplish this, the optical-path length change by the phase shifter should 
be controlled to 0.65 um (= 1.3 um / 2) so that the optimum value is achieved at the wavelength of 1.3 um. 
35 This corresponds to the curve (c) in Fig. 30. This Is achieved, however, at the cost of about 6% increase in the 
coupling ratio at the wavelength of 1.55 um. 

Curve (d) in Fig. 30 shows an example wherein the switching function at the wavelength of 1.55 um is 
improved at the sacrifice of the performance at the wavelength of 1.3 um. The curve (b) corresponds to the 
middle of the curves (c) and (d) in which the optical-path length difference at the wavelength 1.42 um is ad- 
40 justed to the optimum value of 0.71 um (= 1 .42 um / 2) so that the switching function at the wavelength of 1 .3 
um and 1.55 um are compatible. These characteristics shown by the curves (b), (c) and (d) can be selected 
according to the purpose. 

EMBODIMENT 15 

45 

Fig. 31 A is a graph illustrating the coupling ratios versus wavelengths of the 3-dB optical couplers consti- 
tuting the optical switch according to the fifteenth embodiment of the present invention. The 3-dB optical cou- 
plers of this embodiment differ from those of the above embodiment 14 in that they have different directional 
couplers 101a and 101b as shown in Fig. 31B: the coupling length of the directional coupler 101a is set to L1 

so = 0.6 mm, whereas that of the directional coupler 101b is set to L2 = 0.3 mm; the former is twice as long as 
the latter. The optical-path length difference between the directional couplers is set to Xo = 0.95 um. In Fig. 
31 A, curve (a) shows the coupling characteristics of the directional coupler 101a, curve (b) shows the coupling 
characteristics of the directional coupler 101b, and curve (c) shows the coupling characteristics of the 3-dB 
optical coupler 101 in its entirety. The wavelength dependence of the coupling ratio of the 3-dB optical coupler 

55 1 01 is reduced in comparison with that shown by the curve (b) in Fig. 29A of embodiment 14: the wavelengths 
at which the coupling ratio takes a value of 50% ± 5% range very widely from 1 .17 um to 1.66 um. 

Fig. 32 is a graph showing the wavelength dependence of the coupling ratio of the optical switch according 
to the fifteenth embodiment of the present invention: the optical switch is constructed by arranging the two 
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3-dB optical coupl^KflBwn in Fig. 31 A in a manner similar to those in Fig. 28. The important feature is the 
inner structure of the 3-dB optical coupler 102: the coupling length of the directional coupler 102a of the 3-dB 
optical coupler 102 is determined equal to that of the directional coupler 101b, and the coupling length of the 
directional coupler 102b of the 3-dB optical coupler 102 is determined equal to that of the directional coupler 

5 101a. Furthermore, it must be pointed out that the optical-path length difference between the directional cou- 
plers 102a and 1 02b is provided in such a way that the optical waveguide 103 is longer than optical waveguide 
104 between the directional couplers 102a and 102b. 

In Fig. 32, curve (a) shows the characteristics of the coupling ratio (107 to 110) when the phase shifter of 
the optical switch is in the OFF state. The wavelength region in which the coupling ratio is above 90% is further 

10 extended from 1 .11 jim to 1 .75 u.m in comparison with that of the embodiment 14. Curves (b), (c), and (d) show 
the characteristics of the coupl ing ratios when the optical switch is made ON by providing one of the two phase 
shifters with the changes corresponding to the optical-path length differences of (b) = 0.71 urn, (c) = 0.65 urn, 
and (d) = 0.775 urn, respectively. This shows that the optical switch of this embodiment achieves the function 
similar to that of the embodiment 14, and proves the operation as a wide wavelength optical switch. 

15 The above was the description of constructions and operations of the two embodiments of the optical 

switches of the present invention. The optical switch of the present invention, however, is not limited to these 
constructions. 

Figs. 33A ~ 33D are views for considering possible variations of the optical switches of the present inven- 
tion. In the explanations below, it is assumed that the two types of directional couplers used in embodiment 
20 15, the coupling lengths of which are L1 and L2, respectively, are also used, and that the optical-path length 
difference between the two directional couplers is set to Xq = 0.95 jim. 

Fig. 33A shows the construction identical to that of embodiment 15, which has a preferable characteristics 
as an optical switch of the present invention. 

Fig. 33B shows an example to make a contrast with the embodiment in Fig. 33A, wherein the optical wa- 
25 veguide 104b is made longer than the optical waveguide 103b in the 3-dB optical coupler 102 so as to provide 
the optical-path length difference. This configuration, however, cannot achieve the preferable switching oper- 
ation of little wavelength dependence. 

Fig. 33C shows an example wherein the coupling lengths L1 and L2 of the directional couplers 1 02a and 
102b in the 3-dB optical coupler 102 are exchanged with regard to those in Fig. 33A. This configuration cannot 
30 produce a preferable result, either. 

Fig. 33D shows a further example wherein the coupling lengths L1 and L2 of the directional couplers 101a 
and 101b, and 102a and 102b in both 3-dB optical couplers 101 and 102 are exchanged with regard to those 
of the embodiment in Fig. 33A, and in addition, the optical waveguides 103a and 104b are made longer, op- 
posite to those of the embodiment in Fig. 33A, so as to provide respective optical-path length differences of 
35 the 3-dB optical couplers 101 and 102. This results in a good operation as in the configuration in Fig. 33A. 

Above experiments suggest that the constituents of the optical switches of the present invention be ar- 
ranged substantially optically centrosymmetric with regard to the central point. The detail must be determined 
by performing an individual simulation according to the wave-coupling theory. 

In the preceding embodiments, the optical-path length between the two 3-dB optical couplers are identical 
40 when the phase shifters are in the OFF state. This setting, however, can be changed so that the ON/OFF state 
in Figs. 30 or 32 is inverted: the optical-path length difference of about 0.71 u.m is initially given between the 
two 3-dB optical couplers; and then the optical-path length difference is canceled by turning the phase shifter 
ON. This type of optical switch is also included in the present invention. 

The above is a description of the optical-path switching function of optical switch of the present invention. 
45 Functions of the optical switch of the present invention, however, are not restricted to the simple switching of 
the optical path. For example, the optical switch of the present invention can be operated as a variable optical 
coupler by providing an optical-path length variation of about 0.2 nm by means of the phase shifters. 

The constructions and operations of the present invention have been described by exemplifying devices 
using the silica-based optical waveguides formed on the silicon substrate. The present invention, however, is 
50 not limited to the material; any other materials that can be used to construct directional couplers and phase 
shifters can be employed. For example, LiNb0 3 -based optical waveguides and electro-optical effect phase 
shifters can be used. 

Furthermore, the coupling length of each directional coupler in the preceding embodiments will be slightly 
changed in response to peculiarities of the fabrication processes, and hence, these parameters should be ap- 
55 propriately adjusted without being restricted to the above numerical examples, so that directional couplers can 
be achieved, the wavelength dependencies of which are similar to those shown by the curves (a) and (b) in 
Fig. 29AorFig. 31 A. 

The guided-wave optical branching components of the present invention are expected to be widely used 
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for distributing, mon^Hh^Tr tapping the optical signals in a wide wavelength region. In addition, the optical 
branching components of the present invention are expected to be used as optical combiners for multiplexing 
two or three optical beams. 

Furthermore, the optical branching component of the present invention can be easily extended to a 4- 
5 branching component an 8-branching component, a 9- or a 27-branching component by connecting the optical 
branching components of the present invention to form a multi-stage configuration on a planar substrate. More- 
over, the optical branching components deposited on a single substrate in the form of array can be connected 
to an optical fiber array of 250 u.m pitch so as to be put in practical use. 

The optical branching components of the present invention can be fabricated in a large quantity on a planar 
10 substrate, which will reduce the cost of the optical branching components. As a result, the optical branching 
components of the present invention and their application components are expected to greatly contribute to 
the spread of the optical communication system. 

Furthermore, the optical switches of the present invention are also expected to greatly contribute to ar- 
chitectures of optical fiber communication networks in which a number of optical signals of different wave- 
15 lengths are multiplexed. 

The preferred embodiments described herein are illustrative and not restrictive, the scope of the invention 
being indicated by the appended claims and all variations which come within the meaning of the claims are 
intended to be embraced therein. 



Claims 



1 . A guided-wave optical component comprising two or more optical waveguides (32, 33; 41 , 42; 73, 74; 82, 
83, 84), one end of at least one of said optical waveguides providing an input port (36, 37; 46, 47; 78, 79; 

25 87, 88, 89) and other ends of said optical waveguides providing output ports (38, 39; 48, 49; 80, 81 ; 90, 

91 , 92), said optical waveguides being arranged to be proximate to one another at two or more positions 
so as to form two or more directional couplers (34, 35; 43, 44; 50, 51 , 52; 75, 76; 85, 86), in which com- 
ponent the effective optical-path length of at least one of said optical waveguides between two arbitrarily 
selected adjacent directional couplers differs from that of the other optical waveguide or waveguides be- 

30 tween said two couplers, the difference in the effective optical-path lengths being less than the shortest 

wavelength of operation of the component, characterised in that the coupling ratio of each of said two 
adjacent directional couplers increases monotonically with wavelength in the operating wavelength range 
of the component, in such a manner that the variation of the coupling ratio of the component due to the 
increase of coupling ratio of said two adjacent directional couplers acts to counteract the variation of the 

35 coupling ratio of the component with wavelength due to said optical-path length difference, thereby re- 

ducing the wavelength variation of the coupling ratio of the component. 

2. A guided-wave optical component according to claim 1 , wherein said two or more optical waveguides are 
disposed on a substrate (31; 40). 

40 

3. A guided-wave optical component according to claim 1 , wherein said two or more optical waveguides are 
composed of optical fibers (73, 74). 

4. A guided-wave optical component according to claim 1, comprising two of said optical waveguides and 
provided with two of said input ports and two of said output ports. 

5. A guided-wave optical component according to claim 1 , comprising three of said optical waveguides and 
provided with three of said input ports and three of said output ports. 

6. A guided-wave optical component according to any one of claims 1 to 5, wherein the coupling ratios of 
50 said two adjacent directional couplers are set different from each other. 

7. A guided-wave optical component according to claim 1 , further comprising an optical phase shifter (71 , 
72) for fine adjusting the effective optical-path length between said adjacent directional couplers (43,44), 
said optical phase shifter being placed on at least one of said two or more optical waveguides (41, 42) 

55 connecting said adjacent directional couplers. 

8. A guided-wave optical component according to any one of the preceding claims, which is an optical 
branching component. 
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9. A guided-wave^pcarswitch having two optical waveguides (103, 104), a primary and a secondary 3- 
dB optical coupling member (101, 102), and an optical phase shifter (105, 106), said primary and sec- 
ondary 3-d B optical coupling members coupling said two optical waveguides at different positions, said 
optical phase shifter being placed on said optical waveguides between said primary and secondary 3- 

5 dB optical coupling members so as to permit fine adjustment of the optical-path length of said optica! wa- 

veguides, wherein each of said primary and secondary 3-dB optical coupling members (101, 102) is a 
guided-wave optical component according to claim 1 in which component the two or more optical wave- 
guides specified in claim 1 are constituted by said two optical waveguides (103, 104) of the optical switch 
and said two optical waveguides (103, 104) are arranged to be proximate to one another at two positions 

10 so as to form two directional couplers (101a, 101b; 102a, 102b), and wherein the optical waveguide in 

the primary 3-dB optical coupling member having greater effective optical-path length is different from 
the optical waveguide in the secondary 3-dB optical coupling member having greater effective optical- 
path length. 

15 1 0. A guided-wave optical switch according to claim 9, wherein said two optical waveguides are disposed on 
a substrate (100). 

11. A guided-wave optical switch according to claim 9, wherein said two optical waveguides are composed 
of optical fibers. 

20 

12. A guided-wave optical switch according to any one of claims 9 to 11, wherein the coupling ratios of said 
two directional couplers are set different from each other, and the coupling region of said primary 3-dB 
optical coupling member and the coupling region of said secondary 3-dB optical coupling member are ar- 
ranged substantially centrosymmetric with regard to the central point between said two 3-dB optical cou- 

• pling members. 




Pate ntansp ruche 

1. Optische Komponente mit gef uhrten Wellen, mit zwei Oder mehreren Lichtleitern (32, 33; 41 , 42; 73, 74; 
82, 83, 84), deren eines Ende von wenigstens einem der Lichtleiter als Eingangsanschlufi (36, 37; 46, 
47; 78, 79; 87, 88, 89) dient und deren andere Enden der Lichtleiter Ausgangsanschlusse (38, 39; 48, 
49, 80,81 ; 90, 91 , 92) bilden, wobei die Lichtleiter an zwei oder mehr Stellen zur Bildung zweier oder meh- 
rerer Richtkoppler (34, 35; 43, 44; 50, 51, 52; 75, 76; 85, 86) nah aneinander angeordnet sind, wobei die 
35 effektive optische Weglange in der Komponente von wenigsten einem der Lichtleiter zwischen zwei will- 

kurlich ausgewahlten, benachbarten Richtkopplern sich von derjenigen des anderen Lichtleiters oder der 
Wellenleiter zwischen den beiden Kopplern unterscheidet, wobei die Differenz der effektiven optischen 
Weglangen kurzer als die kurzeste Betriebswellenlange der Komponente ist, dadurch gekennzeichnet, 
dafc das Koppelverhaltnis beider benachbarter Richtkoppler im Betriebswellenbereich der Komponente 
monoton mit der Wellenlange in einersolchen Weise ansteigt, dafc die Anderung des Koppelverhaltnisses 
der Komponente aufgrund des Anstiegs des Koppelverhaltnisses der beiden benachbarten Richtkoppler 
der Anderung des Koppelverhaltnisses der Komponente mit Wellenlange aufgrund der optischen Weg- 
langendifferenz entgegenwirkt, wodurch die Wellenlangenanderung des Koppelverhaltnisses der Kom- 
ponente herabgesetztwird. 

45 2. Optische Komponente mit gef uhrten Wellen, nach Anspruch 1 , bei der die beiden oder die mehrfach vor- 
handenen Lichtleiter auf einem Substrat (31 ; 40) untergebracht sind. 

3. Optische Komponente mit gef uhrten Wellen, nach Anspruch 1 , bei der die beiden oder die mehrfach vor- 
handenen Lichtleiter aus Lichtleitfasern (73, 74) bestehen. 

50 

4. Optische Komponente mit gef uhrten Wellen, nach Anspruch 1, die zwei mit zwei Eingangsanschlussen 
und zwei Ausgangsanschlussen vorgesehenehe Lichtleiter enthalt 

5. Optische Komponente mit gef uhrten Wellen, nach Anspruch 1 , die drei mitdrei Eingangsanschlussen und 
55 drei Ausgangsanschlussen vorgesehenene Lichtleiter enthalt. 

6. Optische Komponente-mit gefuhrten Wellen, nach einem der Anspruche 1 bis 5, bei der die Koppelver- 
haltnisse der beiden benachbarten Richtkoppler auf unterschiedliche Werte eingestellt sind. 
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7. Optische Komj^ErrTemit gefuhrten Wellen, nach Anspruch 1 , diedes weiteren einen optischen Phasen- 
schieber (71, 72) zur Feinjustage der effektiven optischen Weglange zwischen den benachbarten Richt- 
kopplern enthalt (43, 44), wobei der optische Phasenschieber auf wenigsten auf einem der beiden oder 
der mehrfach vorhandenen, die banachbarten Richtkoppler verbindenden Lichtleiter (41 , 42) angeordnet 

5 ist. 

8. Optische Komponente mit gefuhrten Wellen, nach einem der vorstehenden Anspruche, die eine optische 
Verzweigungskomponente ist. 

1Q 9. Optischer Schalter mit gefuhrten Wellen, der uberzwei Lichtleiter (103, 104), ein primares und ein se- 
kundares 3- dB-Optokoppler- Glied (101, 102) und uber einen optischen Phasenschieber (105, 106) ver- 
fugt, wobei das primare und das sekundare 3- dB- Optokoppler- Glied die beiden Lichtleiter an verschie- 
denen Stellen koppelt, wobei der optische Phasenschieber auf dem Lichtleiter zwischen dem primaren 
und dem sekundaren 3-dB- Optokoppler- Glied zur Feinjustage der optischen Weglange des Lichtleiters 

15 angeordnet ist, wobei die primaren und sekundaren 3- dB- Optokoppler- Glieder (101 , 102) jeweils eine 

optische Komponente mit gefuhrten Wellen gemaB Anspruch 1 sind, wobei die beiden oder die mehrfach 
vorhandenen Lichtleiter nach Anspruch 1 in der Komponente aus den beiden Lichtleitern (103, 104) des 
optischen Schalters bestehen, unddie zurBildung zweier Richtkoppler (101a, 101b; 102a, 102b)anzwei 
Stellen in kurzer Entfernung zueinander angeordnet sind, und wobei der Lichtleiter in dem primaren 3- 

20 dB- Optokoppler- Glied mit der grofceren effektiven optischen Weglange von dem Lichtleiter in dem se- 

kundaren 3- dB- Optokoppler- Glied mit der grofieren wirksamen optischen Weglange verschieden ist. 

10. Optischer Schalter mit gefuhrten Wellen, nach Anspruch 9, dessen Lichtleiter auf einem Substrat (100) 
angeordnet sind. 



11. Optischer Schalter mit gefuhrten Wellen, nach Anspruch 9, dessen optische Wellenleiter aus Lichtleitfa- 
sern bestehen. 



12. Optischer Schalter mit gefuhrten Wellen, nach einem der Anspruche 9 bis 11, bei dem die Koppelverhalt- 
nisse der beiden Richtkoppler unterschiedlich von einander eingestellt sind und bei dem die Koppelzone 
30 des primaren 3- dB- Optokoppler- Gliedes und der Koppelzone des sekundaren 3- dB- Optokoppler- Glie- 

des im wesentlichen mittensymmetrisch in Hinsicht auf den Mittelpunkt zwischen den beiden 3- dB - Op- 
tokoppler- Gliedern angeordnet sind. 



35 Revendications 

1. Composant optique d onde guid6e comprenant deux ou plus guides d'ondes optiques (32, 33; 41 , 42; 73, 
74; 82, 83, 84), une extr6mit6 d'au moins I'un des guides d'ondes optiques fournissant un accSs d'entr6e 
(36, 37; 46, 47; 78, 79; 87, 88, 89) et d'autres extr6mit6s des guides d'ondes optiques fournissant des 

40 accds de sortie (38, 39; 48, 49; 80, 81 ; 90, 91 , 92), les guides d'ondes optiques 6tant agenc6s de mantere 

£ Stre proches les uns des autres en deux ou plusieurs positions af in de former deux ou plusieurs cou- 
pleurs directionnels (34, 35; 43, 44; 50, 51 , 52; 75, 76; 85, 86), composant dans iequel la longueur effective 
du trajet optique d'au moins Tun des guides d'ondes optiques entre deux coupleurs directionnels adja- 
cents s6lectionn6s de fagon arbitrage, diff&re de celle de I'autre guide d'ondes ou des autres guides d'on- 

45 des optiques entre les deux coupleurs, la diff6rence entre les longueurs effectives de trajet optique 6tant 

inferieure d la longueur d'onde la plus courte de fonctionnement du composant, caracterisS en ce que le 
rapport de couplage de chacun des deux coupleurs directionnels adjacents croit de fa$on monotone avec 
la longueur d'onde dans la gamme des longueurs d'onde de fonctionnement du composant, de telle ma- 
nure que la variation du rapport de couplage du composant due & ('augmentation du rapport de couplage 

50 des deux coupleurs directionnels adjacents, ait pour effet de compenser la variation en fonction de la lon- 

gueur d'onde du rapport de couplage du composant r6sultant de la difference de longueur entre les trajets 
optiques, ce qui r£duit la variation en fonction de la longueur d'onde du rapport de couplage du composant. 

2. Composant optique d onde guid6e selon la revendication 1 , dans Iequel les deux ou plusieurs guides d'on- 
55 des optiques sont places sur un substrat (31 ; 40). 

3. Composant optique £ onde guidde selon la revendication 1 , dans Iequel les deux ou plus guides d'ondes 
optiques sont composes de fibres optiques (73, 74). 
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4. Composant dpB?a onde guidee selon !a revendication 1, comprenant deux des guides d'ondes opti- 
ques et etant muni de deux des acces d'entree et de deux des acces de sortie. 

5. Composant optique k onde guidee selon la revendication 1 , comprenant trois des guides d'ondes optiques 
et munis de trois des acces d'entree et de trois des acces de sortie. 

6. Composant optique k onde guidee selon Tune quelconque des revendication 1 k 5, dans lequel les rap- 
ports de couplage des deux coupleurs directionnels adjacents sont regies de fagon k Stre differents Tun 
de I'autre. 

7. Composant optique k onde guidee selon la revendication 1 , comprenant en outre un dephaseur optique 
(71, 72) pour I'ajustementfin de la longueur effective de trajet optique entre les coupleurs (43, 44) direc- 
tionnels adjacents, le dephaseur optique etant plac6 sur au moins Tun des deux ou plusieurs guides d'on- 
des optiques (41, 42) connectant les coupleurs directionnels adjacents. 

8. Composant optique k onde guidee selon Tune quelconque des revendications pr6c6dentes, celui-ci 6tant 
un composant optique de derivation. 



9. Commutateur optique k onde guidee comportant deux guides d'ondes optiques (103,104), des elements 
(101,102) primaires et secondares de couplage optique k 3 dB, et un dephaseur optique (105, 106), les 

20 elements primaire et secondaire de couplage optique k 3 dB couplant les deux guides d'ondes optiques 

en des positions differentes, le dephaseur optique etant place sur les guides d'ondes optiques entre les 
elements primaire et secondaire de couplage optique k 3 dB afin de permettre un ajustement f in de la 
longueur de trajet optique des guides d'ondes optiques, chacun des elements (101, 102) primaire et se- 
condaire de couplage optique k 3 dB etant un composant optique k onde guid£e selon la revendication 

25 1, composant dans lequel les deux ou plus guides d'ondes optiques definis dans la revendication 1 sont 

constitues par les deux guides d'ondes optiques (103, 104) du commutateur optique et les deux guides 
d'ondes optiques (103,104) sont agences de fagon k etre proches I'un de I'autre en deux positions afin 
de former deux coupleurs directionnels (101a, 101b; 102a, 102b), et dans lequel le guide d'ondes optique 
de I'element primaire de couplage optique k 3 dB ayant la longueur effective de trajet optique la plus gran- 

30 de est different du guide d'ondes optique de Tenement secondaire de couplage optique k 3 dB ayant la 

longueur effective de trajet optique la plus grande. 

10. Commutateur optique k onde guidee selon la revendication 1, dans lequel les deux guides d'ondes opti- 
ques sont places sur un substrat (100). 

35 

11. Commutateur optique k onde guidee selon la revendication 9, dans lequel les deux guides d'ondes opti- 
ques sont composes de fibres optiques. 

12. Commutateur optique k onde guidee selon Tune quelconque des revendications 9 & 11, dans lequel les 
40 rapports de couplage des deux coupleurs directionnels sont regies de fagon k §tre differents I'un de I'au- 
tre, et la region de couplage de Tenement primaire de couplage optique k 3 dB et la region de couplage 
de ['element secondaire de couplage optique k 3 dB sont agencees de fagon sensiblement symetrique 
par rapport au point central entre les deux Elements de couplage optique k 3 dB. 
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